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(57) ABSTRACT

A display panel includes a first substrate, a second substrate,
aliquid crystal layer, a first polarizer, a second polarizer and
a viewing angle control layer. The second substrate faces the
first substrate. A liquid crystal layer is disposed between the
first substrate and the second substrate. A first polarizer is
disposed on a lower surface of the first substrate and includes
a first polarizing layer and a second polarizing layer stacked
on each other. A second polarizer is disposed on an upper
surface of the second substrate. A viewing angle control layer
is disposed on the first polarizer and is configured to control a
viewing angle of a column direction of the display panel.
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DISPLAY PANEL AND DISPLAY DEVICE
HAVING THE SAME

[0001] This application claims priority to Korean Patent
Application No. 10-2012-0133365, filed on Nov. 23, 2012,
the disclosure of which is hereby incorporated by reference
herein in its entirety.

TECHNICAL FIELD

[0002] Example embodiments relate to a display panel and
adisplay device having the same. More particularly, example
embodiments relate to a display panel including a viewing
angle control layer and a reflective polarizer, and a display
device having the same.

DISCUSSION OF THE RELATED ART

[0003] A Liquid Crystal Display LCD device is one type of
flat display device. The LCD device is a display device that
applies voltages to specific molecules of liquid crystal to
convert arrangements of the molecules and change an optical
property of the liquid crystal cell such as, for example, a
birefringence, an optical activity, a dichroism, a light scatter-
ing, etc, to display an image.

[0004] Generally, the display panel includes a liquid crystal
layer disposed between two substrates. A liquid crystal is, for
example, injected between two substrates, to thereby form the
liquid crystal layer. Two polarizers may be disposed on outer
surfaces of two substrates. For example, a reflection polarizer
and an absorption polarizer may pass or absorb light of a
specific polarization, to thereby display an image. The reflec-
tion polarizer may pass only light of a specific polarization
and reflect light of another polarization. The absorption polar-
izer may pass only light of a specific polarization and absorb
light of another polarization. However, because the display
panel includes different type of polarizers, the brightness may
be decreased and the manufacturing costs associated there-
with may be increased.

[0005] Additionally, an optical sheet may be used to
increase the brightness of a display device. For example, the
optical sheet may include a dual brightness enhancement film
(DBEF). DBEF may recycle a polarization which is reflected
by the reflection polarizer. Therefore, a luminance efficiency
of the display device may be increased by a polarization
recycling.

[0006] However, in consideration of the cost of DBEF, new
reflection polarizers have been developed. The new reflection
polarizer may include, for example, a cholesteric liquid crys-
tal (CLC), a wire grid polarizer (WGP) or a birefringence
optical fiber.

[0007] When the display device includes only the reflection
polarizer, a reddish phenomenon may occur in a vertical
direction, such as, for example, a column direction of the
display panel.

SUMMARY

[0008] Example embodiments provide a display panel
capable of increasing the brightness and preventing a reddish
phenomenon in a column direction of the display panel.
[0009] Example embodiments also provide a display
device including the above-mentioned display panel.

[0010] In accordance with an example embodiment, a dis-
play panel includes a first substrate, a second substrate, a
liquid crystal layer, a first polarizer, a second polarizer and a
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viewing angle control layer. The second substrate faces the
first substrate. A liquid crystal layer is disposed between the
first substrate and the second substrate. A first polarizer is
disposed on a lower surface of the first substrate and includes
a first polarizing layer and a second polarizing layer stacked
on each other. A second polarizer is disposed on an upper
surface of the second substrate. A viewing angle control layer
is disposed on the first polarizer and is configured to control a
viewing angle of a column direction of the display panel.
[0011] In an example embodiment, the viewing angle con-
trol layer may be disposed on the upper surface of the second
polarizer.

[0012] In an example embodiment, the viewing angle con-
trol layer may be disposed between the first substrate and the
first polarizer.

[0013] In an example embodiment, the first polarizer may
be a reflection polarizer, and the second polarizer is an
absorption polarizer.

[0014] In an example embodiment, the first polarizer and
the second polarizer may be a reflection polarizer.

[0015] In an example embodiment, an absorption axis of
the second polarizer may be parallel to a reflection axis of the
first polarizer.

[0016] In an example embodiment, the viewing angle con-
trol layer may include a viewing angle control film. The
viewing angle control film may include a base sheet and a
protrusion portion protruding from an upper surface of the
base sheet and extending in a direction.

[0017] In an example embodiment, an absorption axis of
the viewing angle control layer may be parallel to a reflection
axis of the first polarizer.

[0018] In anexample embodiment, the viewing angle con-
trol layer may include a pattern retarder.

[0019] Inanexampleembodiment, the patternretarder may
include a base layer, a pattern retarding layer and an adhesive
layer. The base layer may have a birefringence. The pattern
retarding layer may be disposed on a lower surface of the base
layer and may include patterns having a different optical axis
from each other. The adhesive layer may be disposed on a
lower surface of the pattern retarding layer.

[0020] In an example embodiment, the pattern retarding
layer may include a first retarder, a second retarder and a
black matrix. The first retarder may be configured to convert
a first light to a first polarization. The second retarder may be
configured to convert a second light to a second polarization.
The black matrix may be disposed on lower surfaces of the
first retarder and the second retarder to cover boundary por-
tions between the first retarder and the second retarder.
[0021] Inanexample embodiment, the black matrix may be
parallel to a reflection axis of the first polarizer.

[0022] In anexample embodiment, the viewing angle con-
trol layer may include a parallax barrier layer. The parallax
barrier layer may include a plurality of parallax barriers and a
wire grid polarizer. The wire grid polarizer may be disposed
between the plurality of parallax barriers.

[0023] In an example embodiment, an absorption axis of
the parallax barrier may be parallel to a reflection axis of the
first polarizer.

[0024] Inaccordance with example embodiment, a display
device includes a display panel and a backlight assembly. The
display panel includes a first substrate, a second substrate, a
liquid crystal layer, a first polarizer, a second polarizer and a
viewing angle control layer. The second substrate faces the
first substrate. The liquid crystal layer is disposed between the
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first substrate and the second substrate. The first polarizer is
disposed on a lower surface of the first substrate and includes
a first polarizing layer and a second polarizing layer stacked
on each other. The second polarizer is disposed on a upper
surface of the second substrate. The viewing angle control
layer is disposed on the first polarizer and is configured to
control a viewing angle of a column direction of the display
panel. The backlight assembly is configured to provide a light
to the display panel.

[0025] In an example embodiment, the viewing angle con-
trol layer may be disposed on an upper surface of the second
polarizer.

[0026] In an example embodiment, the viewing angle con-
trol layer may be disposed between the first substrate and the
first polarizer.

[0027] In an example embodiment, the viewing angle con-
trol layer may include a viewing angle control film. The
viewing angle control film may include a base sheet and a
protrusion portion. The protrusion portion may be protruding
from an upper surface of the base sheet and may be extending
in a direction.

[0028] In an example embodiment, the viewing angle con-
trol layer may include a pattern retarder. The pattern retarder
may include a base layer, a pattern retarding layer and an
adhesive layer. The base layer may have a birefringence. The
pattern retarding layer may be disposed on a lower surface of
the base layer and may include patterns having a different
optical axis from each other. The adhesive layer may be
disposed on a lower surface of the pattern retarding layer.

[0029] In an example embodiment, the viewing angle con-
trol layer may include a parallax barrier layer and a wire grid
polarizer. The parallax barrier layer may include a plurality of
parallax barriers. The wire grid polarizer may be disposed
between the plurality of parallax barriers.

[0030] In accordance with an example embodiment, a dis-
play device which includes a display panel and a backlight
assembly is provided. The display panel includes a first sub-
strate, a second substrate facing the first substrate, a liquid
crystal layer disposed between the first substrate and the
second substrate, a first polarizer disposed on a lower surface
of the first substrate and including a first polarizing layer and
a second polarizing layer stacked on each other, a second
polarizer disposed on an upper surface of the second sub-
strate, and a viewing angle control layer disposed on the first
polarizer and configured to control a viewing angle of a
column direction of the display panel, and an optical sheet
disposed on a lower surface of the first polarizer.

[0031] In addition, the display device further includes a
backlight assembly disposed on a lower surface of the optical
sheet and configured to provide a light to the display panel.

[0032] In accordance with example embodiments of the
present invention, a display panel and a display device having
the same, a reflection polarizer may be applied as a first
polarizer of the display panel. Thus, optical materials may be
reduced and the brightness of the display panel may increase.
Accordingly, a film for increasing the brightness may not be
needed, so that manufacturing costs may be decreased.

[0033] Furthermore, the display panel includes a viewing
angle control layer. The viewing angle control layer includes
a viewing angle control film, a pattern retarder or a parallax
barrier layer. When the reflection polarizer is applied as a first
polarizer, a reddish phenomenon may be prevented. Accord-
ingly, a viewing angle at a column direction of the display
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panel may be decreased by including the viewing angle con-
trol layer, so that the reddish phenomenon may be prevented.

BRIEF DESCRIPTION OF THE DRAWINGS

[0034] Example embodiments of the invention can be
understood in more detail from the following detailed
description taken in conjunction with the accompanying
drawings, in which:

[0035] FIG. 1is a plan view illustrating a display panel in
accordance with an example embodiment;

[0036] FIG.2isacross-sectional view illustrating a display
device including the display panel of FIG. 1;

[0037] FIG. 3 is a perspective view illustrating a reflection
polarizer in the display panel of FIG. 1;

[0038] FIG. 4 is a perspective view illustrating a viewing
angle control film in accordance with an example embodi-
ment;

[0039] FIG. 5isacross-sectional view illustrating a display
panel in accordance with an example embodiment including
the viewing angle control film in the FIG. 4;

[0040] FIG. 6is a cross-sectional view illustrating a display
panel in accordance with an example embodiment including
the viewing angle control film in the FIG. 4;

[0041] FIG. 7isacross-sectional view illustrating a display
panel in accordance with an example embodiment including
a pattern retarder;

[0042] FIG. 81s a cross-sectional view illustrating the pat-
tern retarder in the display panel of FIG. 7;

[0043] FIG. 9isacross-sectional view illustrating a display
panel in accordance with an example embodiment including
a parallax barrier layer; and

[0044] FIG. 10 is a cross-sectional view illustrating a dis-
play panel in accordance with an example embodiment
including a parallax barrier layer.

DETAILED DESCRIPTION OF EXAMPLE
EMBODIMENTS OF THE INVENTION

[0045] Hereinafter, example embodiments will be
explained in detail with reference to the accompanying draw-
ings.

[0046] In the drawings, the thickness of layers, films, pan-
els, regions, etc., may be exaggerated for clarity. Like refer-
ence numerals designate like elements throughout the speci-
fication. It will be understood that when an element such as a
layer, film, region, or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may also be present.

[0047] As used herein, the singular forms, “a”, “an”, and
“the” are intended to include plural forms as well, unless the
context clearly indicates otherwise.

[0048] FIG. 1is a plan view illustrating a display panel in
accordance with an example embodiment. FIG. 2 is a cross-
sectional view illustrating a display device including the dis-
play panel of FIG. 1. FIG. 3 is a perspective view illustrating
a reflection polarizer in the display panel of FIG. 1.

[0049] Referring to FIGS. 1 to 3, a display device includes,
for example, a first substrate 100, a second substrate 200, a
liquid crystal layer 300, a first polarizer 400, a second polar-
izer 500, a viewing angle control layer 600, a backlight
assembly 700 and an optical sheet 730.

[0050] The first substrate 100 and the second substrate 200
may be, for example, a transparent insulation substrate. For
example, the transparent insulation substrate may include a
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glass substrate, a quartz substrate, or a plastic substrate, etc.
Further, in an example embodiment, the transparent insula-
tion substrate may be, for example, a flexible substrate. Suit-
able materials for the flexible substrate include, for example,
polyethersulfone (PES), polyethylenenaphthalate (PEN),
polyethylene (PE), polyimide (PI), polyvinyl chloride (PVC),
polyethylene terephthalate (PET), or a combination thereof.
[0051] The first substrate 100 may be, for example, a thin
film transistor substrate including thin film transistors Tr. The
thin film transistor Tr substrate includes, for example, a plu-
rality of transistors Tr, which are formed in a matrix shape.
The first substrate 100 may include a plurality of gate lines
GL and a plurality of data lines DL which are connected to the
thin film transistors Tr respectively.

[0052] The first substrate 100 may further include a plural-
ity of pixel electrodes PE which are connected to the thin film
transistors Tr respectively. The pixel electrodes PE may
include, for example, a transparent conductive oxide mate-
rial, such as indium tin oxide (ITO), indium zinc oxide (17Z0),
aluminum doped 7ZnO (AZO), cadmium zinc oxide (CZO),
indium gallium zinc oxide (IGZ0), or a combination thereof.

[0053] The second substrate 200 may include, for example,
a common electrode CE which faces to the pixel electrode.
Alternatively, the common electrode CE may be disposed on,
for example, the first substrate 100. The common electrode
CE may include, for example, a transparent conductive oxide
material, such as indium tin oxide (ITO), indium zinc oxide
(1Z0), aluminum doped ZnO (AZ0), cadmium zinc oxide
(CZ0), indium gallium zinc oxide (IGZO), or a combination
thereof.

[0054] The second substrate 200 may be, for example, a
color filter substrate having color filters. The color filter sub-
strate converts a light which is incident from the backlight
assembly 700 to a desired color. For example, the second
substrate 200 may include a first color filter, a second color
filter and a third color filter. The second substrate 200 may
further include, for example, a black matrix BM which is
disposed between the first, second and third color filters. For
example, the first color filter may be a red color filter R. The
second color filter may be, for example, a green color filter G.
The third color filter may be, for example, ablue color filter B.
Alternatively, the color filters may be disposed on, for
example, the first substrate 100.

[0055] The liquid crystal (L.C) layer 300 may be disposed
between the first substrate 100 and the second substrate 200.
The liquid crystal layer 300 may include, for example, liquid
crystal molecules having an optical anisotropy. The liquid
crystal molecule is driven by an electric field, so that the
liquid crystal molecule transmits or blocks a light, to thereby
display an image.

[0056] The first polarizer 400 may be disposed on, for
example, a lower surface of the first substrate 100. The back-
light assembly 700 may be disposed on, for example, a lower
surface of the first polarizer 400. The optical sheet 730 may be
disposed, for example, between the first polarizer 400 and the
backlight assembly 700.

[0057] The second polarizer 500 may be disposed on, for
example, an upper surface of the second substrate 200. The
second polarizer 500 may be positioned, for example, adja-
cent to a viewer. The second polarizer 500 may include, for
example, an adhesion layer (not illustrated) to be adhered to
the second substrate 200. The adhesion layer may include, for
example, a pressure sensitivity adhesive. The adhesion layer
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may be formed, for example, in a film type. The adhesion
layer is adhered to the second substrate 200 in response to an
outer pressure.

[0058] The display panel according to an example embodi-
ment may further include, for example, a viewing angle con-
trol layer 600 to decrease a viewing angle in a column direc-
tion of the display panel.

[0059] The viewing angle control layer 600 may be dis-
posed, for example, on an upper surface of the second polar-
izer 500. Alternatively, the viewing angle control layer 600
may be disposed, for example, between the first substrate 100
and the first polarizer 400.

[0060] An absorption axis Tc (not illustrated) of the view-
ing angle control layer 600 may be, for example, perpendicu-
lar to the column direction of the display panel. That is, the
absorption axis of the viewing angle control layer 600 may be,
for example, parallel with the reflection axis Ra of the first
polarizer 400 and the absorption axis Tb of the second polar-
izer 500.

[0061] The viewing angle control layer 600 may include a
viewing angle control film (See FIGS. 4 and 5), a pattern
retarder (See FIGS. 7 and 8) or a parallax barrier layer (See
FIG. 9).

[0062] The backlight assembly 700 may provide a light to
the display panel. The backlight assembly 700 may be dis-
posed, for example, under the display panel.

[0063] The backlight assembly 700 may include, for
example, a light guide plate 720, a reflection plate 740 and a
light source 710 which generates a light.

[0064] The backlight assembly 700 may include, for
example, at least one light source 710 disposed in a side of the
backlight assembly 700. The light source 710 may generate a
light to the light guide plate 720.

[0065] Examples of the light source 710 may include but
are not limited to a cold cathode fluorescent lamp (CCFL), an
external electrode fluorescent lamp (EEFL), a flat fluorescent
lamp (FFL), a light emitting diode (LED), an electro lumi-
nescence (EL), and hot cathode fluorescent lamp (HCFL).
The light source 710 may be, for example, a point light source
or a linear light source.

[0066] The light guide plate 720 may convert, for example,
an incident light from the point light source or the linear light
source into an outgoing light having a plane light source. That
is, the light guide plate 720 converts a light path. Moreover,
the light guide plate 720 may be formed of, for example, a
resin based material such as at least one of a polymethyl-
methacrylate (PMMA), a polyethylene terephthalate (PET)
resin, a polycarbonate (PC) resin, a cyclic olefin copolymer
(COC) resin, and a polyethylene naphthalate (PEN) resin.
[0067] The reflection plate 740 may be disposed, for
example, on a lower surface of the light guide plate 720. The
reflection plate 740 reflects a light which is emitted to the light
guide plate 720, to thereby increase luminance efficiency. For
example, in an example embodiment, reflective plate 740
may be formed of a plastic such as polyethyleneterephthalate
(PET) or polycarbonate (PC).

[0068] Theoptical sheet 730 may be disposed, for example,
on an upper surface of the backlight assembly 700. The opti-
cal sheet 730 may include, for example, a plurality of sheets.
Examples of the optical sheet may be, for example, a protec-
tion sheet, a diffusion sheet, a prism sheet, etc. Alternatively,
for example, in an example embodiment, the optical sheet 730
may be omitted.
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[0069] Referring again to FIG. 3, the reflection polarizer
may include, for example, a plurality of polarizing layers
stacked on each other and having a different reflective index
from each other. In the present embodiment, the reflection
polarizer may include, for example, a first polarizing layer
410 and a second polarizing layer 420 stacked on each other.
The first polarizing layer 410 includes, for example, a bire-
fringence material. The second polarizing layer 420 includes,
for example, a material having a reflective index different
from the birefringence material of the first polarizing layer
410.

[0070] Furthermore, the second polarizing layer 420 of the
reflection polarizer may include, for example, a macromo-
lecular material having a positive birefringence. The first
polarizing layer 410 of the reflection polarizer may include,
for example, an isotropic macromolecular material. For
example, a polyvinyl alcohol film may be stretched and dyed
with iodine or dichroic dye to form the absorption polarizer.
An axis of the absorption polarizer may be formed to be, for
example, perpendicular to the stretched direction of the poly-
vinyl alcohol film.

[0071] Thefirstpolarizer 400 may include, for example, the
reflection polarizer and the second polarizer 500 may include
the absorption polarizer. Alternatively, both of the first polar-
izer 400 and the second polarizer 500 may include, for
example, the reflection polarizer.

[0072] When the absorption polarizer and the reflection
polarizer are used together, a reflection axis of the reflection
polarizer may be, for example, parallel to an absorption axis
of the absorption polarizer. When both of the first polarizer
400 and the second polarizer 500 include the reflection polar-
izer, a reflection axis of the first polarizer may be, for
example, perpendicular to a reflection axis of the second
polarizer.

[0073] The absorption axis Th of the second polarizer 500
may be, for example, perpendicular to the absorption axis Ta
of the first polarizer 400. A reflection axis Rb of the second
polarizer 500 may be, for example, parallel to an absorption
axis Ta of the first polarizer 400.

[0074] A light, which vibrates in a first direction and a
second direction, may be incident from the backlight assem-
bly 700 to the first polarizer 400. A light, which vibrates in the
first direction perpendicular to the reflection axis Ra of the
first polarizer 400 including the reflection polarizer, may only
pass through the first polarizer 400. Thus, a light which
vibrates in the second direction may be reflected by the first
polarizer 400.

[0075] The second polarizer 500 may be disposed, for
example, on an upper surface of the second substrate 200. The
second polarizer 500 may include, for example, the absorp-
tion polarizer. A light, which passes through the first polarizer
400 and a liquid crystal layer 300 to which an electric field is
applied, may be incident to the second polarizer 500. A light,
which vibrates in the second direction parallel to the absorp-
tion axis Th of the second polarizer 500 including the absorp-
tion polarizer, may only pass through the second polarizer
500.

[0076] Thereflectionpolarizer may allow alight, whichhas
a specific direction, to pass through and may reflect a light
which has another direction. Thus, the reflection polarizer
may linearly polarize a light emitted from the backlight
assembly to about 100 percent. Accordingly, an optical loss in
the absorption polarizer may be reduced and an amount of a
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light which passes through may be increased, to thereby
increase the brightness of the display device.

[0077] The absorption polarizer passes light of a specific
polarization and absorbs light of other polarizations. The
reflection polarizer passes light of a specific polarization and
reflects light of other polarizations. Accordingly, when both
ofthe first polarizer 400 and the second polarizer 500 are used
as the reflection polarizer, a luminance efficiency of the dis-
play device may be increased by using the reflected polarized
light.

[0078] When the first polarizer 400 and the second polar-
izer 500 are used as the reflection polarizer, most polarized
lights may pass through the display panel, so that the display
panel may be glittered to deteriorate visibility. Alternatively,
the display panel may be applicable to a billboard, which may
tolerate a glittered display panel.

[0079] When a light, which passes through the first polar-
izer 400 and the liquid crystal layer 300 to which an electric
field is applied, is incident to the second polarizer 500, a light
vibrating only in the second direction may pass through the
first polarizer 400. The second direction is perpendicular to a
reflection axis of the second polarizer 500 including the
reflection polarizer. Another light, which vibrates in the first
direction, is reflected by the second polarizer 500.

[0080] Although it is not illustrated in the figures, the first
polarizer 400 and the second polarizer 500 may further
include, for example, a phase difference layer, a protection
film, etc. The first polarizer 400 and the second polarizer 500
may include, for example, a polymer material. Examples of
the polymer material may include but are not limited to poly-
carbonate, polystyrene, polyvinyl alcohol, poly methyl meth-
acrylate, polypropylene, polyolefine, polyacrylate, polya-
mide, etec.

[0081] In the display panel, when the first polarizer 400
includes the reflection polarizer, a reddish phenomenon may
occur along a column direction of the display panel, which is
a vertical direction of the display panel.

[0082] The reddish phenomenon may be prevented by
decreasing a viewing angle in a column direction of the dis-
play panel. As the viewing angle in the column direction is
decreased, the reddish phenomenon may disappear.

[0083] FIG. 4 is a perspective view illustrating a viewing
angle control film in accordance with an example embodi-
ment. FIG. 5 is a cross-sectional view illustrating a display
panel in accordance with an example embodiment including
the viewing angle control film in the FIG. 4. FIG. 6 is a
cross-sectional view illustrating a display panel in accor-
dance with an example embodiment including the viewing
angle control film in FIG. 4.

[0084] Referring to the FIGS. 4 to 6, the viewing angle
control film 610 may partially block a light from the display
panel such that an image of the display panel may be observed
at a front or at a specific viewing angle.

[0085] A viewing angle control layer 600 of the display
panel may include, for example, a viewing angle control film
610.

[0086] The viewing angle control film 610 may include, for
example, a base sheet BS and a protrusion portion 612 pro-
truding from an upper surface of the base sheet BS and
extending in a direction. The protrusion portion 612 may
partially pass a light or partially interfere with the light, to
thereby decrease a viewing angle. The protrusion portion 612
may extend, for example, in a first direction on the base sheet
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BS. The first direction is, for example, parallel with the
absorption axis of the viewing angle control film 610.
[0087] The protrusion portion 612 may include, for
example, a light reflecting material and a light absorbing
material. The light reflecting material of the protrusion por-
tion includes, for example, titanium dioxide, zinc oxide, zinc
sulfide, zinc phosphate, calcium carbonate, alumina, silica,
antimony oxide, barium sulfide, lytopene (co-precipitate of
barium sulfide and zinc oxide), calcined kaolin, lead carbon-
ate, magnesium oxide, etc. These may be used alone or in a
mixture thereof. The light absorbing material of the protru-
sion portion 612 includes, for example, carbon black, spinel
black, rutile black, iron black, etc. These may be used alone or
in a mixture thereof.

[0088] Forexample, the protrusion portion 612 of the view-
ing angle control film 610 extends in a column direction of the
display panel. That is, the protrusion portion 612 may extend,
for example, perpendicular to the reflection axis Ra of the first
polarizer 400, to thereby decrease the viewing angle. Accord-
ingly, an image of the display panel may be not observed well
to a viewer outside the viewing angle range, so that the secu-
rity of the display device may be increased.

[0089] In case that the protrusion portion 612 of the view-
ing angle control film 610 extends in the row direction of the
display panel, a viewing angle in a row direction of the dis-
play panel may be decreased. However, a viewing angle in the
column direction may not be decreased. Accordingly, when a
reflection axis Ra of the first polarizer 400 rotates about 90
degrees, a viewing angle in a column direction may be
decreased, to thereby prevent a reddish phenomenon.

[0090] Alternatively, when the protrusion portion 612 of
the viewing angle control film 610 extends in a row direction
of the display panel, a viewing angle in a column direction of
the display panel may be decreased without rotating an reflec-
tion axis Ra of the first polarizer 400 about 90 degrees.
[0091] As mentioned above, an absorption axis of the view-
ing angle control layer 600 may be controlled to extend in a
column direction. That is, the protrusion portion 612 of the
viewing angle control film 610 may extend in a row direction.
Therefore, the viewing angle in a column direction may be
decreased, so that a reddish phenomenon may be prevented.
[0092] The absorption axis Tb of the second polarizer 500
may be parallel to the reflection axis Ra of the first polarizer
400.

[0093] Accordingly, the absorption axis of the viewing
angle control film 610 is parallel to the reflection axis Ra, to
thereby prevent the reddish phenomenon.

[0094] In the present example embodiment of FIGS. 4 and
5, the viewing angle control film 610 is disposed on the
second polarizer 500.

[0095] Alternatively, in an example embodiment, as shown
in FIG. 6, the viewing angle control film 610 may be disposed
between the first substrate 100 and the first polarizer 400.
[0096] FIG.7isacross-sectional view illustrating a display
panel in accordance with an example embodiment including
a pattern retarder. FIG. 8 is a cross-sectional view illustrating
the pattern retarder in the display panel of FIG. 7.

[0097] Referring to FIG. 7 and FIG. 8, a viewing angle
control layer 600 may include, for example, a pattern retarder
620.

[0098] The pattern retarder 620 may include, for example,
a surface treatment layer 621, a base layer 622 having a
birefringence, a pattern retarding layer 623 disposed on a
lower surface of the base layer 622 and including patterns
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having a different optical axis from each other and an adhe-
sive layer 626 disposed on a lower surface of the pattern
retarding layer 623.

[0099] The surface treatment layer 621 may be used to
decrease a reflection by an external light. However, the sur-
face treatment layer 621 may be omitted for simplicity.
[0100] The base layer 622 may include, for example, an
organic macromolecule. A thickness of the base layer 622
may be controlled to obtain a desired retardation value.
Bxamples of the organic macromolecule may include but are
not limited to triacetyl cellulose (TAC), cyclo olefin copoly-
mer (COP), polyacrylate (PAC), polyetheretherketone
(PEEK), polyvinylalchol (PVA), etc.

[0101] The pattern retarding layer 623 may include, for
example, a first retarder 624 converting a first light into a first
polarization, a second retarder 625 converting a second light
into a second polarization, and a black matrix (BM) 627
disposed on lower surfaces of the first retarder 624 and the
second retarder 625 to cover boundary portions between the
first retarder 624 and the second retarder 625.

[0102] The pattern retarder layer 623 may include, for
example, the first retarder 624 and the second retarder 625.
The first retarder 624 and the second retarder 625 may be
disposed, for example, alternately in a column direction ofthe
display panel.

[0103] As illustrated in FIG. 7, the adhesive layer 626 may
be, for example, adhered to the second polarizer 500 of the
display panel and the pattern retarder 620. Therefore, the
adhesive layer 626 may be disposed, for example, on an upper
surface of the second polarizer 500. Alternatively, the pattern
retarder 620 may be disposed, for example, between the first
substrate 100 and the first polarizer 400.

[0104] Theblack matrix 627 may be disposed, for example,
on lower surfaces of the first retarder 624 and the second
retarder 625 to cover boundary portions between the first
retarder 624 and the second retarder 625. Therefore, the black
matrix 627 overlaps boundary portions between the first
retarder 624 and the second retarder 625. The black matrix
627 partially blocks a light which is incident to the display
panel, so that the viewing angle may be decreased in a column
direction.

[0105] The black matrix 627 prevents the light from pass-
ing between pixel areas adjacent to each other. Therefore, the
black matrix 627 prevents the lights passing through the pixel
areas from interfering with each other.

[0106] The black matrix 627 may have, for example, a
black color. The black matrix 627 may include, for example,
a photoresist (PR).

[0107] The photoresist (PR) layer may be patterned, for
example, using a mask to form the black matrix 627 by an
exposlire process.

[0108] Theblack matrix 627 may be arranged, for example,
to be parallel with the reflection axis Ra of the first polarizer
400.

[0109] Forexample, the black matrix 627 may be formed to
have a linear shape extending in a row direction. The black
matrix 627 of the pattern retarder 620 may be disposed, for
example, in a row direction, so that the viewing angle may be
decreased in a column direction. Therefore, a reddish phe-
nomenon may be prevented. When the black matrix 627 of the
pattern retarder 620 is formed to extend in the row direction,
the reflection axis Ra of the first polarizer 400 of the display
panel does not need to be rotated.
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[0110] Alternatively, the black matrix 627 of the pattern
retarder 620 may be formed to have, for example, a dotted
pattern in a column direction. In this case, because the black
matrix 627 having a dotted pattern extends in the column
direction, the reflection axis Ra of the first polarizer 400 is
controlled to be rotated about 90 degrees, to thereby decrease
the viewing angle.

[0111] The absorption axis Th of the second polarizer 500
is, for example, parallel to the reflection axis Ra of the first
polarizer 400. The black matrix 627 of the pattern retarder
620 is disposed to be, for example, parallel to the reflection
axis Ra of the first polarizer 400, so that the viewing angle
may be decreased in a column direction of the display panel.
Therefore, a reddish phenomenon may be prevented.

[0112] FIG.9isacross-sectional view illustrating a display
panel in accordance with an example embodiment including
a parallax barrier layer. FIG. 10 is a cross-sectional view
illustrating a display panel in accordance with an example
embodiment including a parallax barrier layer.

[0113] A viewing angle control layer 600 may include, for
example, a parallax barrier layer 630.

[0114] The parallax barrier layer 630 may include, for
example, a plurality of parallax barriers 631 and a wire grid
polarizer 632 disposed between the plurality of parallax bar-
riers 631.

[0115] The parallax barrier 630 may be formed in, for
example, a matrix-shape and a stripe-shape.

[0116] A light emitted from a backlight assembly 700 is
incident to the parallax barriers 631, and thus the light may be
reflected. When a light passes through the wire grid polarizer
632, an image may be displayed to a viewer.

[0117] The parallax barrier layer 630 may extend, for
example, in a row direction of the display panel.

[0118] The parallax barrier layer 630 includes, for
example, a parallax barrier 631, to thereby block a light.
Therefore, a cross talk may be prevented and brightness may
be increased. Accordingly, the parallax barrier 631 partially
blocks a light, so that a viewing angle may be decreased in a
column direction of the display panel.

[0119] The absorption axis Th of the second polarizer 500
may be, for example, parallel to the reflection axis Ra of the
first polarizer 400. The parallax barrier 631 of the parallax
barrier layer 630 is, for example, parallel to the reflection axis
Ra of the first polarizer 400, so that the viewing angle may be
decreased in a column direction. Therefore, a reddish phe-
nomenon may be prevented.

[0120] The parallax barrier 631 may reflect a light emitted
from a backlight assembly 700. The light emitted from a
backlight assembly 700 may pass through the wire grid polar-
izer 632.

[0121] The parallax barrier 631 may include, for example,
a light reflecting material. Examples of a light reflecting
material may include but are not limited to titanium dioxide,
zine oxide, zinc sulfide, zinc phosphate, calcium carbonate,
alumina, silica, antimony oxide, barium sulfide, Iytopene (co-
precipitate of barium sulfide and zinc oxide), calcined kaolin,
lead carbonate, magnesium oxide, etc. These may be used
alone or in a mixture thereof.

[0122] In the present example embodiment, the parallax
barrier layer 630 is disposed on the second polarizer 500.
[0123] Alternatively, in an example embodiment, as shown
in FIG. 10, the parallax barrier layer 630 may be disposed
between the first substrate 100 and the first polarizer 400.
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[0124] Having described example embodiments of the
present invention, it is further noted that it is readily apparent
to those of ordinary skill in the art that various modifications
may be made without departing from the spirit and scope of
the invention which is defined by the metes and bounds of the
appended claims.

What is claimed is:

1. A display panel, comprising:

a first substrate;

a second substrate facing the first substrate;

a liquid crystal layer disposed between the first substrate
and the second substrate;

a first polarizer disposed on a lower surface of the first
substrate and including a first polarizing layer and a
second polarizing layer stacked on each other;

a second polarizer disposed on an upper surface of the
second substrate; and

a viewing angle control layer disposed on the first polar-
izer, wherein the viewing angle control layer is config-
ured to control a viewing angle of a column direction of
the display panel.

2. The display panel of claim 1, wherein the viewing angle
control layer is disposed on the upper surface of the second
polarizer.

3. The display panel of claim 1, wherein the viewing angle
control layer is disposed between the first substrate and the
first polarizer.

4. The display panel of claim 1, wherein the first polarizer
is a reflection polarizer, and the second polarizer is an absorp-
tion polarizer.

5. The display panel of claim 1, wherein the first polarizer
and the second polarizer is a reflection polarizer.

6. The display panel of claim 1, wherein an absorption axis
of the second polarizer is parallel to a reflection axis of the
first polarizer.

7. The display panel of claim 1, wherein the viewing angle
control layer comprises a viewing angle control film, and the
viewing angle control film includes a base sheet and a pro-
trusion portion protruding from an upper surface of the base
sheet and extending in a direction.

8. The display panel of claim 7, wherein an absorption axis
of the viewing angle control layer is parallel to a reflection
axis of the first polarizer.

9. The display panel of claim 1, wherein the viewing angle
control layer comprises a pattern retarder.

10. The display panel of claim 9, wherein the pattern
retarder comprises:

a base layer having a birefringence;

a pattern retarding layer disposed on a lower surface of the
base layer and including patterns having a different opti-
cal axis from each other; and

an adhesive layer disposed on a lower surface of the pattern
retarding layer.

11. The display panel of claim 10, wherein the pattern

retarding layer comprises:

a first retarder configured to convert a first light to a first
polarization;

a second retarder configured to convert a second light to a
second polarization; and

a black matrix disposed on lower surfaces of the first
retarder and the second retarder to cover boundary por-
tions between the first retarder and the second retarder.

12. The display panel of claim 11, wherein the black matrix
is parallel to a reflection axis of the first polarizer.
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13. The display panel of claim 1, wherein the viewing angle
control layer comprises a parallax barrier layer, and the par-
allax barrier layer includes a plurality of parallax barriers and
awire grid polarizer disposed between the plurality of paral-
lax barriers.

14. The display panel of claim 13, wherein an absorption
axis of the parallax barrier is parallel to a reflection axis of the
first polarizer.

15. A display device, comprising:

a display panel comprising:

a first substrate,

a second substrate facing the first substrate,

a liquid crystal layer disposed between the first substrate

and the second substrate,

a first polarizer disposed on a lower surface of the first
substrate and including a first polarizing layer and a
second polarizing layer stacked on each other,

a second polarizer disposed on an upper surface of the
second substrate, and

a viewing angle control layer disposed on the first polar-
izer, wherein the viewing angle control layer is config-
ured to control a viewing angle of a column direction of
the display panel; and

a backlight assembly configured to provide a light to the
display panel.

16. The display apparatus of claim 15, wherein the viewing
angle control layer is disposed on the upper surface of the
second polarizer.

17. The display device of claim 15, wherein the viewing
angle control layer is disposed between the first substrate and
the first polarizer.

18. The display device of claim 15, wherein the viewing
angle control layer comprises a viewing angle control film,
and the viewing angle control film includes a base sheet and
a protrusion portion protruding from an upper surface of the
base sheet and extending in a direction.

19. The display device of claim 15, wherein the viewing
angle control layer comprises a pattern retarder, and the pat-
tern retarder includes a base layer having a birefringence, a
pattern retarding layer disposed on a lower surface of the base
layer and including patterns having a different optical axis
from each other and an adhesive layer disposed on a lower
surface of the pattern retarding layer.

20. The display device of claim 15, wherein the viewing
angle control layer comprises a parallax barrier layer, and the
parallax barrier layer includes a plurality of parallax barriers
and a wire grid polarizer disposed between the plurality of
parallax barriers.

21. The display device of claim 15, wherein an absorption
axis of the second polarizer is perpendicular to an absorption
axis of the first polarizer and wherein a reflection axis of the
second polarizer is parallel to an absorption axis of the first
polarizer.

22. The display device of claim 18, wherein the protrusion
portion includes a light reflecting material and a light absorb-
ing material.
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23. The display device of claim 22, wherein the light
reflecting material of the protrusion portion includes at least
one selected from the group consisting of titanium dioxide,
zine oxide, zinc sulfide, zinc phosphate, calcium carbonate,
alumina, silica, antimony oxide, barium sulfide, Ilytopene (co-
precipitate of barium sulfide and zinc oxide), calcined kaolin,
lead carbonate, and magnesium oxide and wherein the light
absorbing material of the protrusion portion includes at least
one material selected from the group consisting of carbon
black, spinel black, rutile black, and iron black.

24.The display device of claim 20, wherein the plurality of
parallax barriers include at least one light reflecting material
selected from the group consisting of titanium dioxide, zinc
oxide, zinc sulfide, zinc phosphate, calcium carbonate, alu-
mina, silica, antimony oxide, barium sulfide, lytopene (co-
precipitate of barium sulfide and zinc oxide), calcined kaolin,
lead carbonate, and magnesium oxide.

25. A display device, comprising:

a display panel comprising:

a first substrate,

a second substrate facing the first substrate,

a liquid crystal layer disposed between the first substrate
and the second substrate,

a first polarizer disposed on a lower surface of the first
substrate and including a first polarizing layer and a
second polarizing layer stacked on each other,

a second polarizer disposed on an upper surface of the
second substrate, and

a viewing angle control layer disposed on the first polar-
izer, wherein the viewing angle control layer is config-
ured to control a viewing angle of a column direction of
the display panel,

an optical sheet disposed on a lower surface of the first
polarizer; and

a backlight assembly disposed on a lower surface of the
optical sheet and configured to provide a light to the
display panel.

26. The display device of claim 25, wherein the first polar-
izing layer includes a birefringence material and wherein the
second polarizing layer includes a material having a reflective
index different from the birefringence material of the first
polarizing layer.

27. The display device of claim 25, wherein the second
polarizing layer includes a macromolecular material having
positive birefringence and wherein the first polarizing layer
includes an isotropic macromolecular material.

28. The display device of claim 25, wherein the backlight
assembly includes a light guide plate, a light source disposed
at a side of the backlight assembly and configured to emit
light to the light guide plate, and a reflection plate disposed on
a lower surface of the light guide plate and configured to
reflect the light emitted to the light guide plate.
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